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INTRODUCTION 
The literature reviewed covers pertinent papers written 
by investigators of fish hematology from 1900 to the present . 
For the most part each author has dealt with several species 
of fish and has not attempted a detailed hematological study 
of a single species . 
An early investigator ~s Drze,dna (9) who published 
a series of articles dealing with the cellular constituents 
of fish blood . In 1924 J ordan and Speidel (15, 16) pub-
lished a series of extens j_ve studies on lymphocytes . Emmel 
in 1924 and 1925 (10, 11) reported on the non-nucleated 
elements in blood of animals other than mamrnals . Schaefer 
(25) published a paper in 1925 concerning the changes in 
blood counts relative to starvation and seasonal cycles . 
Dawson (?) in 1933 investigated the numbers of i mmature 
erythrocytes in the blood of several species of fish . Not 
much work was done on fi sh blood until 1949 when Katz (17) 
wrot~a paper on the hematology of the silver sa lmon . In 
1951 Catton (3) published a paper dealing prirr-arily with 
blood cell formation . 
In this paper I shall attempt to describe in detail 
the cellular· morphology and hematology of the blood of the 
brown trout, Salmo trutta , including blood cell counts and 
differential counts . 
METHODS 
Yearling trout were obtained from the U.S. Fish Hatchery 
at· North Attleboro , Mass . They were transported to Boston, 
about forty-five minutes distant, in metal containers . 
During warm weather the f i sh vrere carried in ice water, 
then acclimated to the warme.r water in the laboratory. 
Trout 'tvere acclimated by putting them in a plastic bag filled 
with ice water and suspending the bag in the aquarium until 
the water in the bag equalized in temperature with the 'tvater 
of the aquarium. Two aquari a were used for the trout, one 
a 29 gallon ca'pacity , the other a 9t:I' gallon capacity tank . 
Nine to ten gallons of water. were allowed for each fish, 
thus no more than 13 trout could be kept in the laboratory 
at one time . Water in these tanks was maintained be.tween 
50° and 52°F and was c.onstantly aerated and filtered. Water 
temperature at the fish hatchery varied between 43° and 46°F. 
Blood ·was collected in two ways; (1.) the most 
satisfac-tory method proved to be: the tail was severed just 
above the caudal peduncle and as much of the tissue fluid 
as possible was wiped away . Blood was collected in capil-
lary tubes which had been heparihizsd to prevent' the clotting 
of blood . (2 . } Another method consisted of cutting the 
gill bar: and allowing blood to flovl into heparinized capil-
lary tubes . The principle difficulty with this method was 
in cleaning the gill bars of fluids as access to this area 
r~s awkward. Thus, this method offered greater chance fo~ 
contamination of the blood, especially by mucous which the. 
tr·out secreated- in copeous amounts in a reaction to being 
handled. One advantage this method offered was that blood 
fl·ow could be controlled by applying pressure to the sev-
ered gill bar. 
Erythrocyte counts were made in the same way that is 
routinely done in a hematology laboratory in a hospital or 
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a doctor's office. By using high power on the microscope 
and decreasing the illumination, it was possible to count 
the leukocytes in the erythrocyte dilution. This procedure 
involved counting cells present' in the four large corner 
squares of the counting chamber, and multiplying this number 
by a factor of 5oo· to find the leukocytes per cu. mm. An 
average was taken of the results obtained from each side 
of the chamber. 
B]ood smears were made by putting a drop of blood on 
a cover slip and dropping another cover siip on the first. 
Blood was allm-red to- spread evenly betvreen the two cover 
slips before pulling them quickly apart. Smears '\vere stained 
with Wright's stain for four minutes be~ore adding tap water 
for three minutes . At the end of seven minutes the cover 
slips were gently rinsed with tap water and allowed to dry. 
Smears were mounted with immersion oil on a 25 mm x 75 mm 
microscope slide . Differentials were read using an oil 
i mmersion lens giving a total magnification of 970 x or 
1455x, and were determined on the basis of 300 cells. 
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Indirect leukocyte counts were also made from the stained 
smears . This was done by determining the number of white 
blood cells present per 1000 erythrocytes .. The total leuk-
ocyte count could _then be determined by the following: 
n 
Total WBC • WO X tBBC 
\vhere n equals the number of leukocytes per 1000 erythrocytes·, 
and tRBC is the total erythrocyte count . 
Blood cells were measured in two ways. (1 . ) Measure-
ments were made by means of an eye piece micrometer of cells 
smeared on a cover slip and stained with Wright's stain . 
(2 . ) Living cells were studied and measured using a phase 
microscope and an oil i mrrer sion lens giving a total magni-
fication of 970x. '~en using the phase microscope, one drop 
of blood was added to one drop of Ringer's solution on a 
25mm x 75mm slide . A cover slip ringed with vasoline covered 
the su~pension . In order to compare dry mea surements with 
the living cell, a camara lucida was set up with the phase 
microscope . Drawings of the cells were made , and ~easure­
ments were taken from the drawings. 
Thrombocytes lyse very quickly after the blood is 
drawn even when anticoagulants are used . The standard anti-
coagulants , Sodium citrate and ammonium or potassium oxalate 
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act to make calcium unavailable for purP-oses of clotting 
and have no effect on thrombocyte lysis. Heparin which acts 
as an antithrambin and antithrombo-plastin also acts to 
inhibit platelet lysis in mammalian blood . 1 It seemed to 
inhibit lysis of the thrornbocytes in the f i sh blood, but 
comparisons of direct thrombocyte counts with indirect 
counts done from the smears would seem to indicate that 
lysis is not completely prevented . Because of this diffi-
culty no thrombocyte determinations have been reported . 
To study reticulocytes2 special cover slips wer e pre-
pared by placing one drop of brilliant cresyl blue stain 
on a cover slip and allowing the stain to dry. A drop of 
blood was put on one such cover slip and a smear was made 
in the usual fashion . Smears were dried and counter stained 
with Wright's stain. This procedure is commonly employed 
;rhen studying reticulocytes in mammalian blood. 
Brilliant cresyl blue coagulates the basophilic material 
dispursed t hroughout the cell. The reticulocyte is the 
polychromatophilic cell seen when only Wright's stain is 
used . By determining the percentage of reticulocytes in 
1 Todd, Sanford, Wells , (30) p . 
2 These cells are so named because the thread-like blue net-
work seen inside t he cell vms previously thought to repre-
sent a reticular network present in t he living cell. 
Ham, (13) p . l54. 
the blood, some knowledge can be gathered as to the rate 
of erythrocyte production. (Ham,(l3), p. 154) 
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Smears were made from the spleen in two ways; (1.) the 
spleen was cut in two and the cut side smeared over a cover 
slip. (2.) The preferred method vms to place about one 
third of a spleen on a microscope slide, place another slide 
on top, and by applying pressure to the two slides, squash 
the spleen between them. The smear was made by simply 
pulling the two slides apart. These smears were stained 
for seven minutes with Wright's stain, tap water added for 
fifteen minutes , and the slides were then washed with tap 
water and dried. Smears were studied under oil iw~ersion 
at a magnification of 970x and 1455x. 
RESULTS 
Mature Erythrocytes: 
When dried smears of blood are stained vJi th Wright 1 s 
stain the cytoplasm of the mature erythrocyte assumes a 
pink-orange color, and the nucleus stains a dark blue. 
Chromatin may appear in a reticular patter:rt with heavy 
clumps of material interspursed, but as the cell ages, the 
nucleus tends to loose this structure. The cell shapes 
are somewhat variable as can be seen in the photomicro-
graphs. Generally the mature cells are eliptical as vievred 
. from the top and flat in side view. The phase microscope 
Fig. 1. Erythrocytes have a double concave shape, 
the concavity being interrupted by the nucleus. 
This configuration is marked in the more mature 
erythrocytes. (Phase microscope, 970x) 
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reveals the cell to have a double concave shape , the con-
cavity being interrupted by the nucleus. (See Fig . 1) 
In younger erythrocytes 3 this configuration is not so 
apparent. 
Bizarre shapes were occasionally observed in the 
dry smears and i.vere confirmed to exist in living cells 
as reveaTed in the phase microscope. Some of these forms 
are diagramed in Fig . 3. The photomicrographs in Figs . 4 
and 5 indicate two unusual phenomena. In figure 4 an 
erythrocyte has assumed a shape suggestive of an amitotic 
division. Such cells are reported frequently in the liter-
ature , (for example, Katz, 17) but are rarely seen in the 
blood . Figure 5 illustrates an erythrocyte in which the 
nucleus is at one side of the cell, as does figure 2. It 
is quite possible that this illustrates a me~hanism for 
the formation of non-nucleated erythrocytes or erythro-
plastids in fish . Such erythroplastids are seen only 
rarely in the blood of Salmo trutta. 
As studied under the phase microscope , erythrocytes 
appear to have the ability to undergo change in shape. 
The· sequence diagramed in figure trwas observed to occur 
\dthin a period of fifteen minutes. Although the cells 
underwent a change in shape there was no evidence of 
amoeboid motion. In figure 9 the polychromatophilic 
erythrocyte in the lovTer right corner has such a process 
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Fig. 2. Chromatin material can be compared in 
younger and in older cells in this photomicro-
graph. In ·'the younger cells the· over-all inten-
sity of the stain in the nucleus is lighter, and 
chromatin is in a fine reticular pattern. As 
the cell matures the chromatin becomes clumped 
in a network. Note the smaller red blood cell 
near the top of the. photograph with the e.ccentri-
cally positioned nucleus. 
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Fig. 3. Bizarre erythrocytes shovdng various forms in 
'tvhich they may exist .. 
a. indented nucleus 
e, f, o. constricted nuclei 
g. micronucleus (?) present 
b, c, d, h. nuclei dislocated 
m. aged nucleus, ~yknotic 
e, i, j, k, 1, n. bizarre cyto~lasts 
p. erythroplastid 
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Fig. 4. Erythrocyte has a configuration suggestive of 
amitotic division. 
Fig. 5. Erythrocyte with an excentrically positioned 
nucleus. If the nucleus were to be extruded from the 
cell, this would explain the formation of erythroplastids. 
Such cells are occassionally seen in the smears. 
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extended to another cell. 
Fig. 6. This sequence was observed to occur in 
the living cell within a period of fifteen minutes, 
and may be attributable to surface tension stresses. 
Nature erythrocytes were measured in a number of fish 
to determine variation in size. Variations ranged from 
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11.1 microns to 19.9 microns in length and from 8.1 to 12.5 
microns in width. The average dimensions were 16.4 microns 
in length and 10.2 microns in width. Standard deviation 
for the length was 2.04, and for the width was 0.79. The 
nuclei of these cells varied from 5.2 microns to 8.1 rricrons 
in length and 3.0 to 4.4 microns in width. All of the 
measurements vary insignificantly from those taken of living 
cells. The distribution of lengths and widths of the mature 
erythrocytes is given in figures 7 and 8. Data is reported 
in Table 1. 
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Fig. 8. The distribution of widths of erythrocytes. 
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No . Cell Nucleus No . Cell Nucleus 
1. 18 . 5 X 8. 9 6.6 X 3. 7 31 . 19 . 9 X 10. 3 7. 3 X 3. 6 
2. 11. 1 X 8. 9 5. 9 X 3. 7 32 . 16 . 2 X 9. 5 6. 7 X 3. 6 
3. 14. 1 X 9. 5 6. 6 X 3. 7 3a· 16 . 9 X 9. 5 5. 9 X 3. 6 4. 19. 9 X 9. 5 5. 9 X 2. 9 3 • 17. 7 X 10 . 3 6. 7 X 3. 6 
5. 17 . 7 X 10 .3 5. 1 X 3. 7 35. 14. 1 X 11.0 6. 7 X 3. 6 
6. 19 . 9 X 8. 1 5. 1 X 2. 9 36 . 16 . 2 X 9. 5 6. 7 X 3. 6 
~ : 18 . 5 X 9. 5 6. 7 X 2. 9 37 . 18 . 5 X 9. 5 7. 3 x a · 6 8. 8 X 8. 1 5. 1 X 2-. 9 38 . 14. 7 X 10 . 3 6. 7 X . 4 
9. 18. 5 X 9. 5 5. 1 X 2. 9 a6: 17. 7 X 9. 5 7. 3 X 3. 6 10 . 18 . 5 X 8. 8 5. 9 X 2. 9 15. 4 X 10 . 3 6. 7 X 3. 6 
11 . 16 . 9 X 9. 5 8. 1 X 2. 9 41 . 16 . 2- X 11.0 7. 3 X 3. 6 
12. 14. 7 X 10 . ~ 6. 7 X 3. 6 42. 18 . , X 9. 5 5. 9 X 3.6 
la · 16 . 2 X 8. 6. 7 X 2. 9 ta: 1,. ' X 10 . 3 6. 7 X 3.6 1 • 18 . 5 X 11.0 8. 1 X 3. 6 1 . 1 X 9. 5 6. 7 X 3. 6 
15. 16 . 2 X 10 . 3 6. 7 X 3. 6 45 . 17. 7 X 11. 0 6. 7 X 3. 6 
16 . 18 . , X 9. 5 7. 3 X 3. 6 46 . 14. 7 X 10 . 3 5. 9 X 3. 6 
17. 15. X 9. 5 7. 3 X 3. 6 47 . 17 . 7 X 11 . 0 6. 7 x a · 6 18 . 16 . 9 X 10 . 3 5.1 X 3. 6 48. 17 . 7 X 11. 0 6. 7 X . 4 
19 . 17. 7 X 11. 0 8. 1 X 3. 6 49 . 15. 4 X 10. 3 5.1 X 3. 6 
20 . 16 . 2 X 12. 5 6. 7 X 4. 4 50 . 15. 4 X 10.3 5. 9 X 3. 6 
21 . 16 . 9 X 8. 8 6. 7 X 3. 6 51 . 16 . 9 X 9. 5 7. 3 X 3.6 
2Z. 19.1 X 9. 5 6. 7 X 3. 6 52 . 16 . 2 X 9. 5 7. 3 X 3. 6 
2a· 18 . 5 X 9. 5 5. 9 X 3. 6 5a- 19. 1 J\. 9. 5 6. 7 X 3. 6 2 • 14. 7 X 10 . 3 7. 3 X 3.6 5 • 16 . 2 X 9. 5 6. 7 X 2. 9 
25 . 17 . 7 X 9. 5 5. 9 X 3. 6 55. 14. 7 X 11. 0 6. 7 X 3. 6 
26 . 14. 7 X 11. 0 5. 9 X 3. 6 56 . 17. 7 X 8. 1 7. 3 X 3. 6 
27 . 16 . 2 X 10 . 3 6. 7 X 4. 4 57 . 14. 1 X 9. 5 6. 7 X 3. 6 
28 . 16 . 2 X 10. 3 6. 7 X 3. 6 58 . 16. 9 X 10. 3 6. 7 X 2. 9 
29 . 15. 4 X 8. 8 5. 9 X 3. 6 59 . 16 . 2 X 11 . 0 7. 3 X 3. 6 
30 . 14. 1 X 9. 5 6. 7 X 3. 6 60 . 18 . 5 X 9. 5 6. 7 X 3. 6 
Table 1. Measurements of erythrocytes . The data in this 
table was derived from measurements of mature erythrocytes 
and shows the variation of 100 representative cells in which 
the length and vddth of the cells are contrasted with t r o 
length and width of the nucleus . See text page 12 for 
discussion. 
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No . Cell Nucleus No. Cell Nucleus 
61 . 16 . 9 X 11.0 6. 7 X 3. 6 81 . 14. 7 X 9. 5 6. 7 X 3. 6 62 . 18. 5 X 9. 5 6. 7 X 2. 9 82. 19 . 9 X 8. 8 5. 9 X 2. 9 
6~ . 19 . 1 X 8. 8 7. 3 X 3. 6 8~ . 13 . 2 X 11. 0 6. 7 X 3. 6 6 • 18 . 5 X 9. 5 6. 7 X 3. 6 8 • 13 . 2 X 9. 5 6. 7 X 3.6 65. 15. 4 X 9. 5 5. 9 X 2. 9 85. 16. 2 X 10. 3 7. 3 X 3. 6 66 . 18 . 5 X 9. 5 6. 7 X 2. 9 86 . 16 . 2 X 9. 5 8. 1 X 2. 9 
67 . 19 . 1 X 10. 3 6. 7 X 3. 6 87 . 16 . 9 X 9. 5 7. 3 X 2. 9 68 . 16 . 2 X 9. 5 5. 9 X 2. 9 88 . 14. 7 X 10. 3 6. 7 X 2. 9 
69 . 16 . 2 X 10 . 3 6. 7 X 3. 6 89 . 17. 7 X 9. 5 6. 7 X 2. 9 
70 . 18. 5 X 8. 8 5. 9 X 2. 9 90 . 16. 9 X 8. B 5. 9 X 2.9 
71 . 15. 4 X 11.0 6.7 X 3.6 91 . 17. 7 X 8. 8 6. 7 X 3. 6 
72 . 12. 5 X 10. 3 5. 9 X 4.4 92 . 14. 7 X 9. 5 5. 9 X 3.6 
73 . 18. 5 X 10 . ~ 6. 7 X 3.6 9~ . 13 . 2 X 10 . 3 5. 9 X 2. 9 74. 16 . 9 X 11. 6. 7 X 3. 6 9 • 16 . 2 X 9.5 6.7 X 3. 6 
75. 16 . 9 X 9. 5 6. 7 X 3.6 95. 14.1 X 11. 8 6. 7 X 3. 6 
76 . 14. 7 X 9. 5 5.9 X 3.6 96 . 14. 7 X 9. 5 5. 9 X 3. 6 77 . 18 . 5 X <) .·5 6. 7 X 3. 6 97 . 15. 4 X 9. 5 6. 7 X 3. 6 
78 . 18 . ~ X 11.0 7. 3 X 3. 6 98 . 16 . 2 X 9. 5 5. 9 X 3. 6 
79 . 15. X 11.0 7. 3 X 3.6 99 . 12. 5 X 10. 3 6. 7 X 3.6 
80 . 12. 5 X 10 . 3 5. 9 X 3. 6 100. 17. 7 X 8. 1 5. 9 X 2. 9 
Table 1. l•:easurements of erythrocytes . (continued) 
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rtnmature Erythrocyt:es :. 
Erythrocytes can be seen in the. blood in nearly all 
stages of maturation . The very youngest' cells of . the 
erythrocyte series seen in blood of Salmo trutta resemble 
quite strongly mammalian erythroblasts and shall be s0 
termed in this paper . These cells are generally round, 
small and have less cytoplasm in r.·elation to the size of the 
nucleus than do the mature cells . The cytoplasm stains 
unevenly a dark grey- blue , with a dark blue usually .round 
nucleus . The chromatin material is in coarse clumps or 
granules suspended in a reticulum of thread like matter. 
(Figure 10) 
Intermediate stages between the erythroblast and a 
more mature "pro- erythrocyte" can be demonstrated . The 
pro- erythrocyte is slightly elongated, with darkish mottled 
cytoplasm and the predominant color is a lighb~r grey- blue . 
The nucleus is violet, or blue-violet and is elongated . 
Chromatin material is in clumps uniformly t hroughout the 
nucleus . It is i mpossible to draw a distinct line between 
this stage and a later one , the polychromatophilic erythro-
cyte as t he two stages blend together in imperceptable 
stages . The polychromatophilic erythrocyte has a cytoplasm 
typically light blue or with light overtones of pink, and 
frequently stains unevenly. The nucleus is violet and is 
somewhat wider than in the mature cell . Chromatin material 
appears in coarse granules throughout the nucleus. (See 
figure 9 for maturation sequence . ) These stages have been 
described many t i mes in the literature, but especially 
well by Catton (3) . 
Polychromatophilic erythrocytes varied from 11. 0 to 
14. 7 microns in length and 8 . 1 to 11 . 0 microns in width. 
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As these measurements indicate , they are more rounded than 
the mature cell . Their nuclei varied from 5.9 to 8 . 1 microns 
in length and 3. 6 to 5. 1 microns in \v.idth . The average cell 
measurements were 13 . 5 microns in length and 9. 6 microns 
in width . Standard deviati ons were 1 . 22 for t he l ength and 
0 . 81 for the width . Data is reported in Table 2. 
Blood sffiears were also st ained with brilliant cresyl 
blue . As might be expected , the younger cells displaY3dheavy 
reticular staining, while the mature erythrocytes had fine 
basophilic granulation . As nearly as carudbe determi ned 
most erythrocyte~ had evidence of some degree of reticular 
formation when stained in this way. 
19 
No. Cell Nucleus No . Cell Nucleus 
l. 14. 7 X 11. 0 6. 7 X 4. 4 26 . 13 . 2 X 8. 8 7. 3 X 4. 4 
2. 12. 5 X 10 . 3 7. 3 X 4. 4 27 . 13 . 2 X 9. 5 6. 7 X 5. 1 
~ : 14. 7 X 9. 5 7. 3 X ~. 6 28 . 14. 1 X 8. 8 7. 3 X 5. 1 14. 1 X 9. 5 6. 7 X . 4 29 . 13 . 2 X 8. 8 7. 3 X ~ . 6 5. 13 . 2 X 10.3 6. 7 X 4 . 4 30 . 13 . 2 X 8. 1 5. 9 X . 4 
6. 14. 7 X 10 . 3 8.1 X 4. 4 31 . 14. 2 X 9. 5 5. 9 X 3. 6 
7. 13 . 2 X 10 . 3 6. 7 X ~. 6 32. 12. 5 X 8. 1 6. 7 X ~ . 6 8. 1~ . 4 X 10. 3 7. 3 X . 4 33 . 11. 0 X 8. 8 7. 3 X . 4 
9. l . 7 X 11.0 7. 3 X 4 . 4 34. 11. 0 X 8. 1 6. 7 X 4. 4 
10 . 14. 1 X 10 . 3 7. 3 x.4. 4 35. 11. 0 X 10. 3 5. 9 X 4. 4 
11 . 11. 8 X 9. 5 5. 1 X 4. 4 36 . 12. 5 X 10 . 3 6. 7 X 3. 6 
12. 13 . 2 X 9. 5 7. 3 X 4. 4 37 . 11. 8 X 9. 5 5. 9 X 3. 6 
13 . 12. 5 X 9. 5 6. 7 X 3. 6 38 . 14. 1 X 8. 8 6. 7 X 4. 4 
14. 12. 5 X 9. 5 5. 9 X 5. 1 39 . 13 . 2 X 11. 8 7. 3 X 4. 4 
15. 14. 1 X 9. 5 5. 9 X 4. 4 4o . 12. 5 X 8. 8 5. 9 X 4 . 4 
16. 15. 4 X 8. 8 7. 3 X 4. 4 41 . 13 . 2 X 9. 5 6. 7 X 3. 6 
17. 14. 1 X 10 . 3 7. 3 X 5.1 42 . 11. 0 X 9. 5 6.7 X 4. 4 
18 . 12. 5 X 9. 5 7. 3 X 5.1 43 . 14. 2 X 8. 8 7. 3 X 4. 4 
19 . 11. 8 X 9. 5 5. 9 X 4. 4 44. 11. 8 X 8. 8 6. 7 X 4. 4 
20 . 11. 8 X 9. 5 5. 9 X 4. 4 45. 12. 5 X 9. 5 7. 3 X 4. 4 
21 . 12. 5 X 9. 1 5. 9 X 4. 4 46 . 12. 5 X 9. 5 5. 9 X 4. 4 
22. 11 . 8 X 8. 8 6. 7 X 4. 4 47 . 12. 5 X 9. 5 7. 3-x 4. 4 
2~ . 14. 7 X 9. 5 7. 3 X 4. 4 48 . 12. 5 X 9. 5 6. 7 X 4. 4 2 • 11 .0 X 9. 5 6. 7 X 4. 4 49 . 14. 1 X 9. 5 6. 7 X 4. 4 
25. 11. 8 X 8. 1 6. 7 X 4. 4 50 . 14. 1 X 11. 0 7.3 X 4 . 4 
Table 2. Measurements of polychromatophilic erythrocytes . 
The data in this table was derived from measurements of 
polychromatophilic er~throcytes , and sho-vrs the variation in 
50 representative cells in which the length and width of 
the cells are contrasted with the lengths and widths of the 
nucleus . See text , page 18 f or discussion. 
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Erythroblast 
Cytoplasm--dark blue 
Nucleus --·blue-violet 
Chromatin--in strands 
Iroerythrocyte 
20 
Cytoplasm--slate grey at 
periphery, egg shell or white 
internally 
Nucleus--blue 
Chromatin--in small clumps 
and strands 
Polyehromat0philic Erythrocyte 
Cytoplasm--grey, light blue 
or blue-pinlc 
Nucleus--blue-violet, or 
blue-red 
Chromatin--in thick clumps 
11ature Erythrocytes 
Cytoplasm--orange-pink 
Nucleus--blue 
Chromatin--either in thick 
clumps or dispursed ho~o­
geneously throughout the 
nucleus. 
Fig. 9. r-1aturation sequence of the erythrocyte. 
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Fig. 10. The darkly staining cell in the lower center 
is an erythroblast. Various stages of polychromato-
philic erythrocytes are also illustrated. Note the 
polychromatophilic erythrocyte in the lower right corner 
with a cytoplasmic process extending outward to another 
cell. 
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Aging and Degenerating Erythrocytes 
Mature erythrocytes undergo a series of degenerative 
changes leading to the eventual disintegration of the cell. 
In any blood smear variation in the staining intensity of 
erythrocyte nuclei ~an be seen. As has been stated , the 
chromatin pattern is typically reticular with coarse granules 
interspersed. However, some nuclei stain much more intensely 
and have no visible chromatin pattern. These are the older 
erythrocytes (Lucas and Jamroz, 19) and although not as 
common as polychromatophilic cells, they are not rare 
occurances in the circulating blood. The first stage of 
degeneration is characterized by a pylmotic nucleus, and 
cytoplasm which stains noticably darker. Karyorrhexis or 
karyolysis do not seem to occur in disintegrating red blood 
cells. As the pyknotic nucleus 1 o ses 'tia sophilic properties 
it becomes larger, indeed, the entire cell seems to swell. 
As disintegration proceeds the cytoplasm does not stain as 
intensely (see figure 11 and 12) and finally it may be very 
difficult to discern any cytoplasm at all. The last visible 
vestigages of the cells are ttsmudge cells" which consist of 
remnents of nuclear material . Such acidophilic bodies are 
seen in blood smears and appear as greatly distorted 
material, frequently rounded in shape. (tigure 13 .) An 
entire series of steps can be demonstrated bebveen this 
aEorphous shape and a mature erythrocyte. (See figure 14.) 
Fig. 11. Degenerating erythrocyte. The nucleus has 
lost its basophilic staining characteristics, the 
cytoplasm is lighter than that seen in the mature 
c~~~-------------------------------------
' 
Fig. 12. Degenerating erythrocyte. Note the 
appearance of the norrr·al cells as contrasted with 
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the degenerating erythro•.!yte in the lower right corner. 
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Fig. 13. 11 Smudge cell" seen frequently in blood 
swears. This acidophilic body consists of remnents 
of nuclear material. 
Normal Erythrocytes 
d) ~ 
Cell beginning to 
assume irregular 
shape 
g)~ 
Generalized lack 
of structure, cyto-
plasm very light 
staining 
b) e 
Fykno~ic nucleus 
cytoplasm stains 
much darker 
@ 
e) 
Nucleus tends to 
become acidophilic 
h} 
Only a suggestion 
of any cytoplasm 
remaining 
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c) 
@ 
Degenerating cell 
seen·s to swell, 
nucleus beginning 
to loose baso-
philia 
Nucleus looses 
any regular 
outline 
i) 
"Smudge cell" 
seen commonly in 
the circulating 
blood 
Fig. 14. Sequence in the de eneration of erythrocytes. 
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The presence of large numbers of both degenerating red 
blood cells and polychrorratophilic red blood cells suggests 
the life span of these cells may be comparatively short . 
Erythrocyte counts were determined, and the resultshave 
ceentabulated in figures 15 and 16 . These results vatied 
from 710,000 to 1,950 , 000/cu . mru . The average of the five 
counts done on 1/30/63 -va s 1,8o6 ,ooo while the average of 
the nine counts done on 2/17/63was916,ooo. This is a 
rather puzzling variation. Schaefer (26) observed that the 
total erythrocyte count of the p~ktr.seed sunfish was 
markedly lower during the winter months . He obtained his 
lowest counts in January. Although this author's data is 
inconclusiv~ it appears that lower erythrocyte counts in 
Salmo trutta may be expected during the vlinter months. 
Date 
= 
No . 
Total 
Erythrocyte 
Count 
1/30/63 1 . 1,710, 000 
2. 1 '950 ,ooo 
3. 1,88o,ooo 
4 . 1,750,000 
5. 1,74o,ooo 
Average = 1,806 ,000 
Fig . 15. ErythDocyte counts for five fish 
showing variation of total erytbrocytes/cu. mm . 
per fish. 
Total 
Date No . Erythrocyte 
Count 
2/17/63 1 . 1,410,000 
2. 1,730,000 
3. 720,000 
4 . 1,270,000 
5. 710,000 
6. 1,070,000 
7. 990,000 
8. 720,000 
9. 830,000 
Average = 9 6,700 
Fig . 16 . :r __ roc.-e counts for rU:e fis}J 
showing va~:..a t~ on o~ total erythrc~ -8c- / per fish. 4J/ ~1.1,< 
J 
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Leukocytes: Lymphocytes 
The lymphocytes are generally spherical in shape and 
vary from 5 •. 2 microns to 9. 6 microns in diameter . The 
average vms 7.3 microns and the standard deviation was 
1.39 . Data is given in figure 17 . No differentiation was 
made between the large and srrall lymphocytes, as there was 
a continuous series between the two stages and any denarka-
tion would have been purely arbitrary. 
The larger lymphocytes were assumed to be young cells 
because of the chromatin pattern. In large lymphocytes 
the nucleus is round and the chromatin appea~in fine clumps 
connected by strands . In contrast, the older smaller 
lymphocytes have a round or indented nucleus and the chrom-
atin is in dense clumps , or rarely, structureless. The 
nucleus typically stains a violet color in young cells and 
a deep blue in the older cells. Throughout the maturation 
of the lymphocyte the nucleo-cell ratio remains nearly 
constant. In the young cell the nucleus is located centrally, 
but in more mature stages lies to one side of the cell. 
The cytoplasm of the cells is a bright blue in the younger 
lymphocytes and appears faded in the mature stages . (See 
figure 18) 
In smears prepared from the spleen other lymphoid lJ' 
cells were observed, probably lymphoid hemoblasts (DP 
These cells varied somewhat in size but were approximately 
the same size as, or a little larger than, the lymphocytes 
seen in the circulating blood . The cytoplasm stained dark 
blue and had a textured or azuraphilic appearance. The 
nucleus was round, stained a faded blue and was located 
in the center of t he cell . Chromatin vms in fine strands 
throughout the nucleus, and no nucleoli were found. 
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The activity of the lymphocytes was observed using the 
phase microsc·ope . The cell outline was quite irregular 
due to cytoplasmic protrusions which appeared to be pseudo-
podia. As the cells ffiOVed about, as many as twenty or more 
processes could be seen over the surface of t he cell. 
Usually there was one which was longer than the rest, some-
tin,es reaching a length of two ti1res the diameter of the 
rest of the cell . At times pseudopodia were observed to 
branch. Such cytoplasmic extensions formed relatively quick-
ly, frequently extending until touching an adjacent cell, 
then retracting and reforming in another direction, as seen 
in sequence a.-d. of figure 20. 
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Length/ Length/ 
No . Diarreter Hidth No. Diameter 11/idth 
1. 5. 2 6. 7 26 . 8. 9 
2. 5. 9 27 . 8.1 
~ : 7.4 28 . 7. 4 5. 2" 5. 9 29 . 5. 2 
5. 5. 9 7. 4 30 . 7.4 
6. 7.4 31. 7. 4 
7. 5.9 32. 6. 7 
8. 6. 7 33 . 6. 7 
9. 9. 6 34. 7. 4 
10 . 8. 9 35. 8. 9 5. 9 11. 8.1 5. 2 36 . 5. 2 
12. 7.4 37 . 6.7 
13 . 7. 4 38 . 7.4 ~·9 14. 9. 6 ~: 5. 9 . 4 15. 5. 9 6. 7 5. 9 16. 6. 7 41 . 5. 9 
17. 5.9 42 . 7.4 
18 . 8. 1 4~ . 6. 7 5. 9 19 . 7. 4 4 • 8. 7 
20 . 8. 1 45 . 8.1 
21 . 8.1 46 . 9. 6 
22:. 7. 4 47 . 7. 4 
2~ . 8.1 6. 7 48. 9. 6 7. 4 2 • 7.4 49 . 5. 9 25. 9. 6 7.4 50 . 7.4 
Fig . 17 . Measure~ents of l ymphocytes showing t he lengths 
or diameters and widths of 50 representative cell s . The 
average diameter is 7. 3 microns . It can be seen that an 
occassional lymphocyte varies from the expected spherical 
shape . 
• 
·-
Fig. 18. Young Lymphocyte. The blue 
cytoplasm is just barely visible at 
the periphery of the cell. The nucleus 
is very slightly indented and reveals 
the typical staining characteristics. 
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1:·~· :. -.r:~ ,, . !J 
. ( ~·!-''" b.., 
•• 
.t-. 
~ '0~·) ·: \ , 
c. . " 
Fig . 19 . Typical sequence o~ activity observed 
in the lymphocyte . Pseudopodia frequently extend 
until touching a.n adjacent cell, then retract . 
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Monocytes 
Nonocytes are generally round or slightly elongated, 
and measure from 9.6 to 16 . 2 microns in diameter. The aver -
age was 12. 3 microns in diameter and the standard deviation 
was 1 . 67. 
l~onocytes are more easily confused with neutrophils 
than with lymphocytes, especially the older monocytes which 
have a band shaped nucleus and a light blue or blue-grey 
cytoplas~. This is true, also, of mammalian blood (Lucas, 
Ja mroz, 19, p . 8) Even in the young monocytes of fish blood, 
the nucleus is nearly always indented, and as the monocytes 
mature the nucleus becomes band shaped. (Katz, 17) Chroma-
tin material resembles that found in the young lymphocyte, 
consisting of fine granular clumps and an interlacing net-
work of strands, or grossly appearing like fine granules . 
It is generally violet or blue, usually staining somewhat 
lighter than the lymphocytes and somewhat darker than the 
neutrophils . The cytoplasm is usually a darker, dull shade 
of blue or grey-blue than is seen in any of the other leuk-
ocytes, although this is quite variable . A reticulum is 
contained within the cytoplasm which gives it an azurophili.c 
or ground glass appearance very much like the neutrophil . 
Pseudopodia are occasionally seen in these cells. 
Length/ Length/ 
No . Diameter 'Hidth No. Diameter \vidth 
1 . 14. 8 26 . 14. 1 11. 1 
2. 11 . 1 27. 15. 5 11 . 1 
a : 
11 . 1 28 . 11. 8 
11. 8 29 . 12. 5 14. 1 
5. 10 . 3 30 . 11 . 1 8. 8 
6. 11 . 1 31 . 13 . 3 11. 1 
7. 11 . 1 32. 12. 5 
8. 10 . 3 33 . 13 . 3 
9. 11 . 1 34. 16. 2 12. 5 
10 . 14. 8 35. 13 . 3 11. 1 
11 . 12. 5 36 . 11 . 1 
12 . 11 . 8 3~ · 11. 8 1~ . 14. 1 3 • 1~. 5 14. 1 1 • 11. 8 a6: 1 . 8 15. 11. 1 10'. 3 
16 . 13 . 3 41 . 13 . 3 10 . 3 
1~ . 15. 5 42. 11. 1 1 • 11 . 1 4~ . 14. 8 19 . 11. 1 4 • 14. 1 
20 . 11. 1 45. 12. 5 
21 . 11 . 8 9. 5 46 . 1a. 3 22. 11. 8 9. 6 47 . 1 . 8 
23 . 14. 8 12 . 5 48 . 11. 1 
24. 11. 8 49 . 11 . 8 11 . 1 
25 . 12 . 5 50. 16 . 2 
Fffig . 20 . Measurerrents of Nonocytes showing the length 
or diameter and 'vidth of 50 representative cells. 
!llonoc ~fes 
0 
]~ ;ross Qppea.ra.nces 
alone d C:s i mf.ossi bfe. 
to d;shn3 u..ish hefween 
/hese fwo ~fes of cells. 
On& fhe chroma.hn 
f.d:l.ern can be used 
fo d;fferenirde. befween 
them. 
Fig. 21. Gross comparison of monocytes and neutrophils. 
.. 
Fig. 22. "S?art cell" (Nucleophagocytosis) 
A monocyte has engulfed the nucleus of a 
lymphocyte • 
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Neutrophils 
Neut~ophils are generally spherical in shape, the 
extreme sizes measur ing 7 . 4 microns to 14. 8 microns in 
diameter . The average was 12. 0 microns in diameter and the 
standard deviation was 1. 33 . The nucleus has a wide variety 
of shapes and appearances varying from band shaped in 
young cells to as many as four lobes in mature cells . In 
t his respect they are similiar to wa mmalian neutrophils 
(Lucas , Jamroz, 19 ; Katz, 17). Rarely are more than three 
lobes present , however , and more than four lobes have never 
been observed . The nucleus stains a violet-blue color , 
darker tones of red in t he younger cell, slightly faded 
in the older neutrophils . Chromatin material is arranged 
in thick clumps and strands as opposed to the fine granules 
and threads of the monocyte . The cytopla sm isazuraphiliS 
usually staining a very light blue- grey or pink-grey. 
Pseudopodia are occasionally seen on blood smears . Com-
parisons between the neutrophil and other leukocytes is 
given in figure 25 . No myelocytes or metamyelocytes were 
found in the circulating blood . 
Length/ Length/ 
No . Diameter ~Jidth No. Diameter Width 
1 . 11 . 1 8. 9 26 . 12. 5 
2. 8. 9 27 . 11. 1 
~ : 7. 4 28 . 11. 8 7. 4 29 . 14. 8 11. 8 
5. 11. 8 30 . 11. 1 
6 . 13 . 3 31 . 11. 8 
7. 12. 5 11. 1 32·. 11 . 8 
8. 12. 5 3~. 14. 8 9. 13 . 3 3 • 13 . 3 
10 . 12. 5 . 35. 12. 5 
11 . 11. 1 36 . 11. 8 
12. 13 . 3 37 . 12. 5 
1~. 12. 5 10 . 3 38 . 11. 1 1 • 13 . 3 39 . 14. 8 12. 5 
15. 12 . 5 4o . 11 . 8 
16 . 13 . ~ 10. 3 41 . 11. 1 1~ . 11. 42. 11 . 8 1 • 13 . 3 43 . 11. 8 
19 . 14. 1 11 . 8 44 . 11. 1 
20 . 11. 1 45. 11 . 8 
2l . 11 . 1 46 . 14. 1 
22 . 11. 8 47 . i~: ~ 2~ . 12. 5 48 . 2 • 11. 1 49 . 12. 5 
25. 11. 8 50 . 12 . 5 
Fig . 23 . ~easurements of neutrophils showing the length 
or diameter and width of 50 representative cells . 
Fig. 24. Young Neutrophil. Large 
chunks of chromatin material in a 
lobed nucle11s characterize this cell. 
Segmentation of the nucleus has 
occurred. 
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Lymphoid 
Hemoblast 
Cytoplast 
Shape Spherical 
Color Dark blue 
Texture Fine granu-
lar or azur-
aphilic 
Fseudo- ?' 
podia 
Nucleus 
Shape Spherical 
Color Faded blue to 
medium blue 
Loca- Central 
tion 
Chromatin 
Descrip- Fine strands, 
tion granular 
Young 
Lymphocyte 
Spherical 
Bright blue 
Azuraphilic 
Rarely 
present 
Spherical to 
elliptical 
Violet 
Usually 
Central 
Fine clumps 
and strands, 
gives "bumpy" · 
appearance to 
the nucleus. 
Mature 
Lymphocyte 
Spherical to 
elliptical 
Faded blue--
to blue- grey 
Clear 
Present 
Spherical, 
elliptical or 
i ndented 
Dark blue 
Eccentric 
Large clumps, 
is very dense 
Fig. 25. Comparison of leukocyte types , showing variation 
in cytoplasm and nuclear structure for hemoblasts, lympho-
cytes, monocytes , neutrophils and thrombocytes. 
4o 
Cytoplast 
Shape 
Color 
Texture 
Pseudo-
podia 
Nucleus 
Shape 
Color 
Loca-
tion 
Chromatin 
Descrip.. 
tion 
J.Jonocyte 
Spherical to 
elliptical 
Light blue to 
blue- grey 
Azuraphilic 
Present 
Indented to 
heavy band 
shape 
Light to 
medium blue-
violet 
Eccentric 
ine granu-
lar clumps 
and strands 
Neutrophil 
Spherical 
Light blue to 
blue-grey, 
rarely pink-
grey 
Azuraphilic 
Present 
Band shaped 
or lobed 
Blue-violet 
Eccentric 
Thick clumps 
and strands 
\vi th lighter 
staining areas 
bet\veen, very 
predominent 
even in young 
cells 
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Thrombocyte 
Varies 
Very light blue 
to light grey, 
rarely medium 
blue 
Clear, rarely 
granules are 
present 
Absent 
Usually ellip-
tical, varies 
Dark blue to 
violet 
Varies 
Dense clumps, or 
often homogeneous , 
giving a smooth 
texture to the 
nucleus 
Fig. 25. Comparison of leukocyte types--(con't) 
Eosinophils 
Eosinophils were not seen in the peripheral blood of 
the brown trout, but an examination of the spleen revealed 
their presence. although they occur rarely. (Figure 26) 
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They are approximately the same dimensions as the neutro-
phil with a round or slightly elongated nucleus. Structural 
detail of the nucleus could not be determined because of 
acidophilic granules located in the cytoplasm. Grossly, 
the cells are very much like mammalian eosinophils. 
Fig. 26. This smear was prepared from the spleen 
of Salmo trutta. An eosinophil is located approxi-
mately in the center of the photomicrograph. These 
cells are not numerous and must be searched for. 
Thrombocytes 
Thrombocytes were found to be the most variable cell 
present in the peripheral blood. The width vms most 
constant being 3.7 to 5. 9 microns. The length varied from 
7.4 to 17.0 microns in those cells which were measur~ but 
some were observed which were more nearly 20 microns or 
more in length. These measurements~re more difficult to 
make because in many cases the cytoplasm~s just barely 
visible . Characteristically, the cytoplasm stains a very 
light grey, but many were observed to stain a medium blue. 
A few cells contained f ine blue granules in the cytoplasm. 
BizarEe shapes which occur in scr.me smears are undoubtedly 
artifacts. The nucleus tended to be elliptical and stained 
dark blue to violet in color . Chromatin material was very 
dense and gave a very smooth appearance to the nucleus. 
Thrombocytes were observed in all stages of degeneration 
even when smears were made i w .. media te1y from heparinized · 
blood . They occured in clumps of tvTO or three, or as many 
as fifty or more . No cytoplasmic boundries could be defined 
between them even when the nucleus appeared nor~al . (See 
figure 27) In a slightly more advanced stage of clot form-
ation the nucleus had reached a pyknotic condition. 
occasionally a thrombocyte could be observed with 
clumped or strand like chromatim materiai and a granular 
blue cytoplasm. It is assumed this represents an earlier 
stage in the maturation of the thrombocyte. Studies of 
smears prepared from the spleen seem to support this 
assumption. Such young thrombocytes are just. as fragile 
as the mature cells, thus fumctional fragility must be 
acquired early. (Lucas, Jamroz, 19, p. 42.) 
Fig. 27. Variation in the morphology of the 
thrombocytes as they appear on a blood smear. 
Such variation does not appear in all blood 
srrears and may well be a function of technique 
and cellular fragility. 
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Differentials 
Differentials were done to determine the percentages 
of neutrophils, lymphocytes and monocytes in the circulating 
blood of Salmo trutta . (Results are reported in figure 28) 
Neither eosinophils nor basophils were seen on smears of 
blood . Neutrophils very from one to fourteen percent, 
lymphocytes constituted from 79 to 98 . 5 percent, and mono-
cytes o. 5 to 7 percent . Total leukocyte counts are also 
reported in figure 28 and vary from 17 ,950/cu-. l:ll' . to 
105, 000/cu. mm . 
Percent Ferfent Percent WBC 
No. Date Neutrophils Lymphocytes Konocytes Count 
1 . ll/15/63 ~ - 0 96 . 0 1 . 0 2. .o 95. 5 0 . 5 
~- : 5. 0 9Z. O 3 . 0 5. 0 92. 0 3 . 0 
5. 3 . 0 95. 0 2. 0 
6 . 7 . 0 92. 3 (J'. 7 
7 . 3 . 0 96 . 0 1.0 
8 . 4 . 0 95. 0 1 . 0 
9. 6 . 0 93 . 5 1.0 
10 . 1 . 0 98 . 5 a. 5 
11. 3.0 96 . 0 1.0 
12. Z.5 9~ . 5 2. 0 1~ . 1/30/63 14. 0 8 .o 2. 0 23,900 l • 0 . 5 99 . 0 (J. 5 105,000 
15. 2. 5 96 . 0 1 . 5 77,200 
16 . 7 . 0 91 . 0 2. 0 27,000 
17 . 2. 0 96 . 0 2. 0 41 ,000 
18 . Z/17/63 7. 0 86 . 0 7. 0 28 , 200 
19 . 7 . 0 90 . 0 3 . 0 17,950 
20 . 14. 0 80 . 0 5. 0 18,720 
Fig . 28 . Differentials and total leukocyte counts in 
Sa1mo trutta . 
4-6 
Percent Percent Percent WBC 
No. Dat e NeutroEhils L;[!!!;Ehoc~tes Nonocztes Count 
21 . 2/17/63 13. 0 79 .0 8. 0 22.,860 
22. 6. 0 86 .0 8. 0 19 ,170 
23 . 13 . 0 81 .0 6. 0 4o,lOO 
24- . } .0 93 .0 4- . o 
25 . 8. 0 90 .0 2.0 
26 . 11. 0 87 .0 2. 0 
27 . 6.0 91 .0 3.0 
28 . 9. 0 84.0 7.0 98,000 
29 . 8. 0 86 .0 6.0 33,800 
30 . 8. 0 88 . 0 4- . o 80 ,000 
Fig . 28 . Differentials and total leukocyte counts (con't) 
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DISCUSSION 
Erythrocytes of fish have been described by many 
authors to be flat or bi-convex in profile, the convexity 
being formed around the nucleus (eg. Catton, 3; 1-~acFarlane 
and Robb-Smith, 20) The phase microscope reveals the sur-
face of these cells to assume a more complex shape than 
this in the matre stages. (See figures 1 and 30.) This 
shape would provide a more uniform saturation and desat-
uration of hemoglobin by oxygen. Lehmann and Huntsman 
in the book edited by NacFarlane and Robb-Smith (20) state: 
11 In order to develop the mammalian cell three 
major changes have had to take place and these 
are best considered separately. Firstly, there 
is a loss of the nucleus; secondly, a change from 
a biconvex to a biconcave shape; and thirdly, a 
stapilization of size to a comparatively uniform 
figure ." (p. 107,108) 
In the case of ma~malian blood it has been stated: 
11 To compensate for the earlier saturation of t;b.e 
rim of the cell (due to addess of gases to the 
edge of the disc as well as the flat surface) a 
fine adjustment is made in the form of the central 
concavity that removes the handicap under which the 
central haerroglobin would otherwise have to labour. 
The shape adopted by the red cell appears, therefore, 
to be that which is compatible with the rrost uniform 
saturation and desaturation of the enclosed 
haemoglobin by molecular oxygen" ( acFarlane, 
Robb-Smith, 20, pp. 123,124.) 
~he idea has been that in the course of evolution 
the erythrocyte first lost its nucleus, and then assumed 
a biconcave shape. The evidence presented by the phase 
microscope shows that this is not quite the case, however . 
The erythrocyte of the bro'm trout doe~ have a biconcave 
shape, the concavity being interrupted by the nucleus. 
If the nucleus were lost the cell might have the biconcave 
configuration of the mammalian erythrocyte. 
Fig. 29. The configuration of a mature 
erytL::cocyte from the blood of Salmo trutta. 
Bizarre shapes ,,,ere observed occasionally in dried 
blood srr..ears. Such shapes may have resulted from mechan-
ical damage produced in making the smear. On the other 
hand, the same type of bizarre cells were seen under the 
phase microscope. Slides made for study under phase were 
prepared by adding one drop of blood to one drop of 
amphibian Ringer's solution. The suspension was made air 
tight by placing a cover slip ringed with vasoline over it 
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and carefully removing all air bubbles. Since amphibian 
Ringer's solution is not strictly isotonic with fish blood, 
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surface tension stresses could have occured, and could have 
resulted in cells producing cytoplasmic extensions rather 
than the normal shape expected. However, it is difficult 
to explain how bizarre cellscould return to a normal 
configuration if one accepts the theory that such shapes 
are the result of changes in surface tension. It may be 
that such bizarre cells are not artifacts. 
During the process of maturation fish erythrocytes 
undergo an increase in size. (Catton,3.) This is in con-
trast to mamrr-alian erythrocytes which decrease in size 
during maturation. (See figur-e 31 for comparisons of 
fish and mammalian maturation sequence)' The most primitive 
erythrocytes seen in the circulating blood were erythroblasts. 
Such cells were very uncommon and were demonstrable in only 
a few smears . When smears prepared from spleen were studied_, 
it was observed that the erythroblasts were very similiar 
to a primitive lymphoid-like cel~probably the lymphoid 
hemoblast described by Catton (3) . This similiarity in 
appearance is one of the clues vmich has led investigators 
(eg. Catto~3; Jordan and Speidel, 15) to believe the 
lymphoid hemoblast is capable of differentiating into all 
types of blood cells . 
Degenerating erythrocytes have been reported in s rrall 
numbers by several authors. (eg . Catton, 3; and Katz, 17) 
vfuile the numbers of these cells seen in the blood of 
() 
Hammalian erythrocytes decrease in size 
during the process of maturation. 
, , ~--~~--------------------------~ 
Fish erythrocytes increase in size 
during the process of maturation. 
(o] 
----------------------------------·-----------------
Figure 30. Comparisons of fish and mammalian erythro-
cyte maturation sequence. 
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Salmo trut'ta could not be reported as large, they were 
sufficiently numerous to be considered significant, and 
have been treated in some detail. However, amorphous cell 
debris was corriTon on blood smears. In marrmalian blood de-
generating cells and cell debris are not often observed, 
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as macrophages (located primarily in the spleen) phago-
cytize them. (Ham, 13, p. 375) There seems to be no 
explanation why the spleen of fish should not be as 
efficient in removing such cells as is the mammalian spleen, 
yet blood smears testify to the fact it is not. 
Hany excellent studies of lymphocytes have been 
conducted during the past 50 years; notable among them 
-vras the series of investigations conducted by Jordan and 
Speidel (15). There has been a tendency for some authors 
(eg. Lieb, Slane and Wilbur, 18) to classify lymphocytes 
in two or more groups depending on t he size of the cell. 
Such a classification seems undesirable for two reasons; 
(1) any deMarkation based on cell size is purely 
arbitrary, as there is a continuous series between large 
lymphocytes and srr-all lywphocytes. (2) Because of this 
arbitrary grouping of lymphocytes much confusion of cell 
types has resulted . It is possible, for example that the 
large lymphocytes described by some authors (Katz discusses 
this) may be monocytes. Variation in size seen in lympho-
cytes appears to be due to various stages in maturation 
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occuring in the circulation. This can be easily determined 
by studying a blood srr·ear and finding a continuous series 
betvreen the large and small lymphocytes. Large lymphocytes 
are the younger cells in this series as they have the re-
ticular chromatin pattern characteristic of young cells, 
(discussed on page 28 of this text). In the older smaller 
lymphocytes chromatin ~~terial has become clumped in dense 
patches in the nucleus. 
The motility of the lymphocytes as observed under the 
phase Eicroscope is not an unusual phenomena and has been 
kno~m to exist for many years. In Wintrobe (30) we find: 
11 Although in flat slide-cover-slip preparations 
lymphoblasts appear non-motile, in hanging-drop 
preparations their movement is quite characteristic. 
The nucleus is at the anterior end while at the 
posterior end a narrow band of cytoplasm protrudes, 
giving the whole cell the appearance of a hand 
mirror •••• The movement is stately and in one 
direction, as if purposeful." (p. 211.) 
Motility of lymphocytes in the blood of Salmo trutta could 
not be described as "purposeful". Cells moved in one 
direction until a cytoplas~ic extension touched another 
cell, then direction of movement was changed. At times 
the cytoplasm of a lymphocyte appeared to rr.ove very nearly 
in two directions at once vrhen two or more cytoplasmic 
extensions were protruding in different directions at the 
same time. Evidence of such motility is readily demons-
trable on blood smears where lymphocytes have dried with 
pseudopodia extended. 
There has been considerable doubt as to the presence 
or absence of monocytes in the blood of Salmonoid fishers, 
especially in the brm.m trout . Katz (17) states "For the 
purposes of this study, these cells are regarded as a 
distinct type, but it is felt that future observations may 
cause this cell to be placed in some other category •••• " 
Catton (3) stated in his work on fish blood that he found 
no cells resembling the mammalian monocytes . His research 
included the blood of Salmo trutta. 
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If the monocyte were assumed to be a metamyelocyte, 
any differences present betvreen it and a neutrophil could 
easily and logically be attributed to further cellular 
differentiation . Thus, differences alone could not support 
the existence of a monocyte . It 'tvas the author's feeling 
that large cells resembling myelocytes and metamyelocytes 
were a distinctly different cell from the neutrophils, yet 
the distinction was diff icult to make. In figure 25 the basic 
cellular characteristics used in differentiating the leill{o-
cytes are outlined . The similarities between the neutrophil 
and the monocyte are striking, the differences are not so 
o~vious . 
Smears of blood were studied to deterrrine if a series 
of cells could be derronstrated interrr. ediate between the 
monocyte and the neutrophil . At first this author thought 
such a series could be shown, but refinements in staining 
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technique and careful study indicated there vmre subtle 
differences in the chromatin pattern. (See figure 21 for 
the gross comparisonsJ The author felt that even this 
difference was not a substantial arguement for the existence 
of the monocyte, however. 
A functional difference was observed that appears to 
resolve this problem. One of the properties of leukocytes 
which is occassionally evidenced in blood smears is 
phagocytosis. Concerning this Wintrobe (30) states: 
11 In the case of the neutrophils, phagocytosis 
is especially directed against bacteria and small 
particles; hence, the neutrophils are called 
microphages . The monocytic series of cells char-
acteristically engulf not only bacteria but also 
protozoa, particulate mattet and even red cor-
puscles. They are, therefore, called macrophages ." 
(p . 222) 
" In addition, "tart cells" have been described 
which consist of monocytes containing an engulfed 
nucleus with well rreserved nuclear structure.n (p.222) 
Evidence for the existence of monocytes 
was established when the cell picturec in figure 22 was 
discovered . This cell is obviously a macrophage vThich has 
engulfed a nucleus of a lymphocyte. It is the "tart cell" ' 
described by Wintrobe . This is the only such cell seen 
in all of the s rrears examined, thus, it must be a very rare 
phenomena. 
Eosinophils and basophils '\>Jere generaDylacking f ow 
the circulating blood of Salmo trutta, although the·y are 
present in verl s rrall numbers in the spleen. Catton (3) 
reported he found both types of cells in Salmo trutta. 
He apparently referred to eosinophils and basophils 
collectively as coarse granulocytes which were.rresent in 
numbers of 100--500/ cu. mm. If present ir..1. such nur bers 
they should constitute 0.5--4.0 percent of a differential 
count. Catton did use '\vild fish, however, '\llhile this 
author useq hatchery fish. Katz (17) stated that he did 
not find eosinophils · in the circulating blood of the 
55 
silver salmon, but did sea one in a kidney smear. Downey 
(8) has reported a general lack of basophils in fish blood, 
and Bolton (l) has commented that they are not found in 
the blood of Salmonoid fishes . It has been suggested by ' 
Downey (8) that .eosinophils mature to form basophils, thus, 
one vmuld not expect to find eosinophils present where 
basophils were not. It may be that eosinophils are not a 
normal constituent of the blo0d . Wintrobe states that 
eos~nophils occur in greater numbers in allergic disorders, 
skin disease~, parasitic infestations and qertain infections 
and diseases . (pp. 240-2431 I·~uch '\vork remains to. be done 
on this problem. 
SDMHARY 
1 . The cellular constituents of the blood were found to 
be erythrocytes, lymphocytes ; neutrophils , monocytes, and 
thrombocyt es . 
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2. The erythrocytes were studied on dried smears stained 
with itlright's stain , and under phase . They '\-Tere elliptical, 
bi concave , the concavity being interrupted by the central 
nucleus . Average cell rr_easurenents were 16 . 5 microns in 
length and 10 . 2 minrons in width . 
3 . Erythrocytes wer e present in nea-rly all stages of 
maturation in the circulating blood . Srr ea r s stained with 
brilliant cTesyl blue showed surprisingly large numbers 
of reticulocytes . 
4 ~ Degenerating erythrocyteswer e present in fish blood . 
A series of degenerative stages from the normal mature 
erythrocyte to the "smudge cell 11 has been demonstrated . 
5. Erythrocyte counts were done . Counts vary from 710 ,000 
to 1 , 950 , 000/cu. mm.; lower counts were reported for the 
month of February. 
6 . No differentiation was made between the large and 
small lyrrphocytes as there is a continuous series between 
them and any derr~rkation would have oeen purely arbitrary. 
Lymphocytes n:ea sured 5. 2 microns to 9 . 6 microns in diameter , 
the average being 7. 3 microns . Their motility was studied 
under phase . 
/ 
Monocyteswere present in the blood of Salmo trutta. 
They measurro9.6 microns to 16.2 microns in diameter, 
the average being 12. 3 microns. 
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8 . Neutrophils measured 7.4 to 14.8 microns in diameter, 
the average being 12.0 microns. Early stages of neutrophils 
were compared with the monocytes. 
9. Eosinophils and basophilswere generally lacking in the 
blood of Salmo trutta. Theywere present in the spleen, 
however . This problem has been discussed. 
10. Thrombocytes, which take part in the clotting of blood, 
measured 7.4 to 17 .0 microns in length and 3.7 to 5.9 microns 
in width. 
11. Differential cell counts and total leukocyte counts 
have been reported. 
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ABSTRACT 
The morphol ogy of the cellular constituents of the 
blood of Salmo trutta was investigated . Blood cell counts 
and differential counts were included . Cellular elements 
of the blood were found to be nucleated erythrocytes , 
lymphocytes , neutrophils , monocytes and thrombocytes . 
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Dried smears of blood which had been stained with Wright's 
stain indicated the erythrocytes were flat elliptical cells . 
However, the phase microscope revealed the biconcave shape 
of the mature erythrocyte , the concavity being interrupted 
by the central nucleus . Average cell rreasurements were 
16 . 5 microns in length and 10 . 2 microns in width . 
Erythrocytes in all stages of maturation vrere present 
in the blood . The earliest stage , a darkly staining cell, 
'\·Ta s designated as an erythroblast , and v.~s seen only rarely. 
It was slightly elongated or round with a mottled blue- grey 
cytoplas:rr and a blue nucleus . Other stages, the pro-
erythrocyte and polychromatophd.lic erythrocyte were seen 
more comruonly in blood smears . Pro- erythrocytes were slightly 
elongated, with a mottled cytoplasm and a violet nucleus . 
Polychromatophilic erythrocytes had greyish cytoplasm 
and a violet nucleus . They were nearly the same size 
and shape a s the mature cell. Smears stained \·Iith brill -
iant cresyl blue showed surprisingly large numbers of 
reticulocytes . As cells matured it was noted that they 
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increased in size. This is in contrast to mammalian eryth-
rocytes which decreaseduring maturation . 
Erythrocytes were seen in various stages of disinte-
gration in the circulating blood. A series of degenerative 
'stages from the normal mature erythrocyte to the 11 sn:udge 
cell 11 was demonstrated. Although cells having a pylmotic 
nucleus \ver e seen , cells undergoing karyorrhexis or karyo-
lysis were not found . Instead, the cell undervTent a series 
of changes in staining characteristics and in morphology. 
Finally the cytoplasm disappeared leaving only remnents of 
the nucleus in a smudge--thus the name '' smudge cell". 
Bizarre shaped erythrocytes were observed in dry smears. 
Such cells could have been caused by mechanical damage in 
making the smear. However, many of the same forms were 
seen under the phase microscope . Slides ma de for study 
under phase were prepared by adding one drop of blood to 
one drop of amphibian Ringer 's solution. The suspension 
was made air tight and all air bubbles removed . Since 
Ringer 's solution is not strictly isotonic with fish blood, 
surface tension stresses could have occured resulting in 
bizarre forms . However , during a fifteen minute interval 
one such cell was observed to resume a normal shape. 
Erythropia stids vlere seen in only a fm.; instances. 
Erythrocyte counts were done in the usual manner . 
They ranged from 710,000/cu. mm. to 1,950,000/cu. n~ . Lower 
counts were obtained for the month of February than for 
January. 
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The, most numerous of the leukocytes were the lympho-
cytes. They were generally spherical in shape averaging 
7 . 3 microns in diameter. No differentiation was made be-· 
tween the large and small lymphocytes as there was a con-
tinuous series bet-vmen the t'\vo stages and any den:arkatj_on 
would have been purely arbitrary. Larger l ymphocytes were 
considered to be the younger cells. The nucleus of these 
cells '\·Ta s round or elliptical. Older lymphocytes ¥rere 
characterized by being sr aller in size. The nucleus had 
very dense chromatin and was usually indented. 
The activity of lymphocytes was oDserved with the 
phase microscope . Many pseudopodia protruded from the . 
surface of the cell, and the cell itself e~~ibited amoeboid 
like motility. 
Lymphoid hemoblasts were observed in smears prepared 
from the spleen. They were about the same size as, or a 
little larger than the lymphocytes seen in the circulating 
blood . Such cells may differentiate to form the cellular 
constituents of the blood. 
Monocytes were among the rarest elements of the blood . 
They were usually spherical in shape and averaged 12.3 
microns in diameter. These cells w·ere easily confused -vri th 
the neutrophils, especially the young neutrophils which 
E-4 
have band shaped nuclei . There had been some doubt as to 
the presence or absence of monocytes in the blood of 
Sal~onoid fi sh , especially in the brown trout . Staining 
characteristics for both tyres of cells were very similiar; 
only the chromatin pattern could be used to distinguish 
between the two types of cell.i . The discovery of a "tart 
cell 11 or a monocyte '\vhich ra s engulfed a nucleus confirmed 
the existence of monocytes in the blood of Sa_lmo trutta . 
Pseudopodia were occasionally seen on the cells in the 
dried smears . 
I eutrophils were generally spherical in shape and 
averaged 12.0 microns in diarreter . The nucleus o~ this 
type of cell had a wide variety of shapes and sizes. 
Young cells had a band sha ped nucleus . As the cells 
rratured_, the nuclear material became divided into as many 
as three or four lobes . The chromatin ma terial of the 
neutrophil was arranged in thick clumps and strands as 
opposed to t he fine granul es and threads of the monocyte. 
The cytoplasm of both neutrophils and monocytes was azura -
philic, usually darker staining in the monocytes . No 
myelocytes or rr:etan:yelocytes ,.,ere found in the circulating 
blood . 
Eosinophils were not found in tbe peripheral blood 
of the brown trout, but an examination of the spleen revealed 
their presence, although they occur rarely. Grossly, these 
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cells were very much like the mammalian eosinophils . Ba so-
phils were also lacking fro~ the peripheral blood . 
Thrombocytes were probabl y the most variable cell 
present in the blood . The size varied from 7 . 4 to 17 . 0 
microns in length and 3 . 7 to 5. 9 microns in "Yridth . However, 
some cells appeared to be 20 microns or more in length. 
Eeasurerrents were very difficult to rrake in many cases be-
cause the cytoplasm stained so faintly . The nucleus stained 
a dense violet or blue violet in color . Bizarre shapes 
which occured in some smears were considered to be arti -
facts due to the fragility of the cell ard mechanical 
dar-age when making the srr.ear . vlhen thrombocytes were 
observed in small clots, certain morphological changes 
were evident . The nucleus vms generally pyknotic, and 
no cytoplasmic boundries could be distinguished between 
the cells . Younger thrombocytes seemed just as fragile 
as older ones . 
Differential counts '"ere determined on the basis of 
300 or more cell~. Neutrophi ls varied from 1- 14 percent, 
lymphocytes constituted from 79-98. 5 percent and monocytes 
from 0 . 5 to 7 . 0 percent . 
